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While some energy-based surgical dissection and coagulation modalities may offer excellent cutting and
coagulation abilities, the impact on healing may differ among devices. We compared the tissue effects of
three of these modalities with those of the standard surgical scalpel in rabbit muscle at 24 h and 14 days
after surgery by evaluating radiographic and histological data. Linear incisions were made with each
device in the dorsal lumbar musculature of rabbits using monopolar electrocautery in cut mode (MPE-
Cut) and coagulation mode (MPE-Coag), a ferromagnetic induction loop (FMI), and a traditional scalpel.
Magnetic resonance imaging scans and histological sampling were done at 24 h and 14 days. Subjective
cutting and coagulation characteristics for each device were also recorded during surgery. The scalpel
and FMI appeared to cause the least tissue damage adjacent to the incisions in rabbit dorsal lumbar
musculature. The scalpel showed the best healing, while the FMI and MPE-Cut demonstrated good
healing. The MPE-Coag showed the worst tissue healing. The scalpel, FMI, and MPE-Cut all exhibited
favorable subjective characteristics during surgery. It appears that the FMI may be a better choice for
surgical dissection and coagulation in muscle tissue than the MPE coagulation mode because it shows
less tissue damage and offers better tissue healing.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Introduction
Electrosurgical instruments have revolutionized surgery
because of their dissection and hemostatic capabilities.1,2 While
they appear to increase the speed of surgical procedures, and
improve safety for both patients and operative personnel,1 they
may also have signiﬁcant adverse effects on wound healing.
Traditional electrosurgery instruments like monopolar cautery rely
on the passage of current through the patient and utilize a
grounding pad to complete a closed electrical circuit. This
requirement prevents the application of this device in close prox-
imity to electrically sensitive tissues such as nerves. To address this
limitation, several alternative energy-based electrosurgical devices
have emerged based on ultrasonic, radiofrequency, laser, and
ferromagnetic principles.: þ1 801 581 4385.
z@aol.com (J.D. MacDonald).
ciates Ltd. Published by Elsevier LtWe compared the functional characteristics and tissue effects of
a ferromagnetic induction (FMI) loop (FMwand; Domain Surgical,
Salt Lake City, UT) device and traditional monopolar cut (MPE-Cut)
and monopolar coagulation (MPE-Coag) modes with those of a
simple scalpel during dissection of rabbit dorsal lumbar muscula-
ture. We hypothesized that the FMI and scalpel would cause less
tissue damage than monopolar cautery while demonstrating
favorable dissection and coagulation characteristics.Methods
Surgical procedure
This animal protocol was approved and monitored by the Insti-
tutional Animal Care and Use Committee at our institution (IACUC
protocol #10-11013). Ten adult New Zealand white rabbits were
placed under general anesthesia. The dorsal lumbar skin was prep-
ped and incised, and the musculature was exposed. In each animal,
four 3-cm linear muscle incisions were made at a depth of approx-
imately 0.5 cmwith 1.5-cm intervals parallel to the spinal column. Ad. All rights reserved.
Table 1
Subjective cutting and coagulation characteristics of surgical instruments.
Device Drag
(mean  SD)
Hemostasis
(mean  SD)
Collateral
damage
(mean  SD)
Margin
uniformity
(mean  SD)
FMI 1.8  0.42 1.2  0.42 1.9  0.32 1.8  0.42
Scalpel 2.9  0.99 2.4  0.52 1.0  0.00 1.0  0.00
MPE-Cut 2.9  0.74 1.0  0.00 1.4  0.52 1.0  0.00
MPE-Coag 4.3  0.48 1.1  0.32 3.5  0.53 3.2  0.63
FMI, ferromagnetic induction loop (FMwire); MPE-Cut, monopolar electrocautery-
Cut mode; MPE-Coag, monopolar electrocautery-Coag mode; Best ¼ 1, Worst ¼ 5.
Table 2
Post-hoc ManneWhitney tests with Bonferroni adjustments.
Device (I) Device (J) Mean difference (IeJ)
Drag Hemostasis Collateral
damage
Margin
uniformity
FMI Scalpel 1.1 1.2* 0.9* 0.8*
MPE-Cut 1.1* 0.2 0.5 0.8*
MPE-Coag 2.5* 0.1 1.6* 1.4*
Scalpel FMI 1.1 1.2* 0.9* 0.8*
MPE-Cut 0.0 1.4* 0.4 0.0
MPE-Coag 1.4* 1.3* 2.5* 2.2*
MPE-Cut FMI 1.1* 0.2 0.5 0.8*
Scalpel 0.0 1.4* 0.4 0.0
MPE-Coag 1.4* 0.1 2.1* 2.2*
MPE-Coag FMI 2.5* 0.1 1.6* 1.4*
Scalpel 1.4* 1.3* 2.5* 2.2*
MPE-Cut 1.4* 0.1 2.1* 2.2*
*p < 0.05 after Bonferroni adjustment.
C.A. Bowers et al. / International Journal of Surgery 12 (2014) 219e223220
ORIGINAL RESEARCHsimple scalpel, FMI loop, MPE-Cut, and MPE-Coag devices were
used. Device power settings and incision techniquewere adjusted to
achieve comparable cutting effects. The FMI was set at 60 W, MPE-
Coag at 40 W, the MPE-cut at 40 W; a standard #10-blade scalpel
was used. All incisions were conducted by the same surgeon. After
each incision, tissue drag, margin uniformity, collateral tissue
damage, and hemostasis were subjectively judged and recorded. At
24 h, ﬁve of the rabbits underwent MRI imaging and were eutha-
nized. The other 5 rabbits underwent MRI imaging at 14 days and
were then euthanized. Muscle specimens of each rabbit were ob-
tained immediately after euthanasia to evaluate each incision.
Surgical dissection characteristics
After each muscle incision, the surgeon subjectively evaluated
the cutting and coagulation characteristics. A 5-point scale
(1 ¼ optimal, 5 ¼ unsatisfactory) was used to assess tissue drag,
margin uniformity, collateral tissue damage, and hemostasis of
each device. Tissue drag was deﬁned as the physical resistance to
tissue incision felt by the surgeon while maintaining constant
speed and pressure. Collateral tissue damage was judged as the
extent of grossly visible damage to the surrounding tissue. Margin
uniformity was assessed as the gross evenness of the damaged
tissue at the margins of the incision. Hemostasis was deﬁned as
effectiveness at minimizing blood loss from the incision site. For
each of the four dissection characteristics (tissue drag, collateral
damage, margin uniformity, and hemostasis), an average rating of
each device based on the score assigned by the surgeon for each
incision was tabulated. Because the subjective scores were ordinal,
they were analyzed using the KruskaleWallis test for overall group
differences. The ManneWhitney test was used for the post-hoc
analyses of pairwise differences with a Bonferroni adjustment.
Radiology
Rabbits underwent MRI imaging of the lumbar spine at 24 h or
14 days after surgery to evaluate tissue injury. The overall extent of
tissue injury was measured as the total edema (mm) seen on T2-
weighted MRI sequences in the sagittal plane (anteroposterior
measurement) combined with the total edema in the transverse
plane (mediolateral measurement). The goal was to determine
whether the subjective scoring of collateral damage and margin
uniformity for the four devices correlated with the amount of
overall tissue damage as measured by the amount of observed T2
signal.
Histology
After the animals were euthanized, slides were prepared with
tissue slices at the incisional midpoint, perpendicular to the
experimental incisions. The samples were stained with hematox-
ylin and eosin. All specimens were reviewed by a single pathologist
(LM) to determine the extent of tissue damage and healing. Digital
images of each incision were captured with a digital camerae
equipped light microscope. We qualitatively ranked the four tested
modalities with respect to the depth of adjacent thermal tissue
injury from the incision margin with each device at both 24 h and
14 days.
Results
Surgical dissection characteristics
The devices showed signiﬁcant differences overall with respect
to tissue drag (c2(3) ¼ 25.47, p < 0.05) (Table 1). The FMI producedstatistically signiﬁcantly less tissue drag than the MPE-Cut or MPE-
Coag instruments, and the MPE-Coag scored signiﬁcantly worse
than all other devices (Table 2). The scalpel and MPE-Cut did not
have a statistically signiﬁcant difference in their tissue drag score.
The hemostasis characteristic evaluated the ability of each de-
vice to control bleeding in the incisional plane during the ﬁrst pass.
The devices showed signiﬁcant differences with hemostasis after
30 s (c2(3) ¼ 29.2, p < 0.05). The other devices were superior to a
standard surgical scalpel, but there were no signiﬁcant differences
between the FMI, MPE-Cut, and MPE-Coag (Table 2).
Collateral tissue damage was judged as the amount of unin-
tended and grossly visible tissue damage adjacent to the muscle
incision with each device. The devices showed signiﬁcant differ-
ences of collateral tissue damage (c2(3) ¼ 32.35, p < 0.05). The
scalpel was signiﬁcantly superior to the FMI and the MPE-Coag
(Table 2). The MPE-Cut and the FMI were signiﬁcantly better
than the MPE-Coag but were not signiﬁcantly different from each
other.
The devices showed signiﬁcant differences of margin uniformity
(c2(3) ¼ 34.55, p < 0.05). The other devices were again superior to
MPE-Coag. The scalpel andMPE-Cut were not signiﬁcantly different
from each other, but they were both superior to the FMI (Table 2).Radiology
As expected, the total amount of edema as measured by total
increased T2 signal seen in the lumbar MRI of the rabbits (Fig. 1)
was greater at 24 h than at 14 days after surgery (Table 3). TheMPE-
Coag device produced the most tissue edema at both 24 h and 14
days, followed by the MPE-Cut. The scalpel and FMI device showed
the least edema on MRI imaging at both time points. The differ-
ences in edema were not statistically signiﬁcantly, but the largest
difference at 14 days was between the FMI (3.4 mm) and MPE-Coag
(6.2 mm) and it approached signiﬁcance (p ¼ 0.06).
Fig. 1. Axial rabbit spine MRI at 24 h (A) and 14 days post-operation (B) demonstrating
the appearance of rabbit muscle tissue damage (arrows) at these two postoperative
time points.
Fig. 2. Histological examples of incisions made with the MPE-Coag (A) and the FMI (B)
at 24 h after surgery demonstrating the wider area of tissue damage adjacent to the
incision with the MPE-Coag mode. Magniﬁcation 25  .
C.A. Bowers et al. / International Journal of Surgery 12 (2014) 219e223 221
ORIGINAL RESEARCHHistology
At 24-h the MPE-Coag incision appeared to cause a much larger
area of tissue injury with a wider zone of coagulated muscle and
necrotic ﬁbers when compared with the FMI (Fig. 2A,B). The 14-day
specimens showed that the MPE-Coag still showed a much larger
wound that was less healed than the other device incisions, with
many coagulated and necrotic muscle remnants still present
(Fig. 3A). This contrastedwith the small, well-healed scalpel wound
at 14 days, which had the best healing, with little or no necroticTable 3
MRI measurement of total tissue injury (anterior-posterior measurement in sagittal
plane þ transverse measurement in axial plane).
Instrument Injury
(in mm) at
24 h (mean  SD)
Injury (in mm)
at 14 days
(mean  SD)
FMI 11.5  5.63 3.4  1.47
Scalpel 11.25  5.20 4.5  2.34
MPE-Cut 13.75  2.83 5.2  2.66
MPE-Coag 17  1.00 6.6  2.95
FMI, ferromagnetic induction loop (FMwire); MPE-Cut, Monopolar-Cut mode; MPE-
Coag, Monopolar-Coag mode.muscle ﬁbers present (Fig. 3B). The MPE-Cut and FMI wounds
demonstrated similar characteristics at 14 days with much less
damaged area and more evidence of healing than the MPE-Coag
specimens (Fig. 3C,D).Discussion
Traditional monopolar electrosurgical instruments were origi-
nally developed by Dr. Cushing and Dr. Bovie to improve surgical
dissection and hemostasis as described in their landmark 1928
publication.12e14 A recent comparison between scalpel and elec-
trosurgery, however, noted that the beneﬁt of electrosurgery was
unclear with respect to incision time, blood loss, and pain.1
Furthermore, the unintended spread of heat to the areas adjacent
to the incision known as “lateral thermal damage” has become
recognized as a potential factor in delayed wound healing. The
conventional scalpel, on the other hand, has been shown to cause
less adjacent tissue damage.3e5
Several studies of new energy-based technologies have
demonstrated their superiority to traditional electrosurgical de-
vices in a variety of tissues.6e11 The FMwand creates heat through
a rapidly alternating magnetic ﬁeld generated by a high-frequency
electrical current. A 4- to 10-mm-thick coating of ferromagnetic
Fig. 3. Histological examples of incisions made with the various electrosurgical technologies at 14 days demonstrating the most extensive tissue damage and worst healing with the
MPE-Coag (A). The FMI (C) and MPE-Cut (D) both have more extensive tissue damage and less healing than the scalpel (B). Magniﬁcation 40  .
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produce rapid onset of heat sufﬁcient to incise and seal tissue.
We compared the subjective dissection characteristics as well as
objective histological and MRI imaging effects of standard
monopolar electrosurgical instruments, FMI, and a simple scalpel
on rabbit muscle. The subjective functional characteristics of a
surgical tool determine the range of clinical situations in which it
can be beneﬁcial. Tissue drag is the amount of force required to
continue an incisional stroke; lower tissue drag allows greater
precision and results in less error. Margin uniformity is a mea-
surement of the evenness and equivalency of the margins of an
incision. Collateral damage is a measurement of the visible tissue
damage adjacent to the incision and is therefore a gross view of the
extent of the spread of tissue injury seen with a surgical instru-
ment. Hemostatic ability relates to how well a device controls
bleeding while incising tissue.
The subjective scores assigned by the surgeon were not equiv-
alent among devices. The FMI device had signiﬁcantly less tissue
drag than the MPE-Coag and MPE-Cut instruments, but it was not
signiﬁcantly different from the scalpel. TheMPE-Coag scoredworse
than all other modalities in all characteristics except hemostatic
ability, where the scalpel was inferior to all other modalities.
In terms of each device’s incisional characteristics, the scalpel
produced less collateral tissue damage and had better margin
uniformity than the other devices, though not signiﬁcantly sowhen
compared with the MPE-Cut. The subjective scores of collateral
tissue damage and incisional margin uniformity correlated well
with the results of healing seen at 24 h and 14 days after surgery.
The simple scalpel yielded the best healing in this study as would
be expected because it had superior scores of margin uniformity
and collateral damage. However, the scalpel’s principal weakness is
poor hemostatic ability as reﬂected by its low score in this category.
In our experiments, the FMI, scalpel, and MPE-Cut produced less
lateral thermal damage and had better healing than standard MPE-
Coag at both 24 h and 14 days after surgery, and this corresponded
with the subjective ﬁndings. Our ﬁndings appear to providesupporting evidence for the detrimental effects of lateral thermal
damage seen especially with the MPE-Coag.
The FMwand has the potential to be used in any situation in
which precise coagulation is needed in close proximity to neuro-
vascular structures. It might be especially useful near implanted
devices that are sensitive to electricity, since it does not produce an
electric current (e.g., during cardiac surgery when pacemaker or
other implants are in close proximity). The senior author has used
the FMwand for cortisectomies in humans and it has performed
well. There do not appear to be any apparent complications related
to this device.
Our subjective assessment of dissection characteristics has
inherent potential ﬂaws. First, a single, non-blinded surgeon per-
formed the subjective scoring. This was done to minimize differ-
ences in operator technique. Second, a manual incision could not
perfectly produce the same depth and speed for each modality.
Third, the device power settings could not be directly equated, but
each device was adjusted to match its typical performance. Finally,
the small sample size for the radiographic and histological analysis
precluded statistical signiﬁcance.
Conclusion
A surgeon should seek the safest and least destructive surgical
instruments for a given tissue type or clinical situation. We found
that the FMI and scalpel caused the least lateral thermal damage in
rabbit muscle, as measured by increased T2 signal on MRI. Ferro-
magnetic induction appears to be superior to traditional monopolar
electrocautery for both subjective dissection characteristics and
tissue damage at 24 h and 14 days. The FMI also appears to be
similar to the scalpel in causing less tissue edema on MRI at
24 h and 14 days after surgery than either monopolar mode. The
FMI and MPE-Cut had similar histological effects at 14 days after
surgery, while the MPE-Cut had a signiﬁcantly better subjective
score of margin uniformity than the FMI. It appears that the FMI
may be a better choice for surgical dissection and coagulation in
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tissue damage and offers better tissue healing.
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